Abstract The purpose of the review was to evaluate the risks and benefits of antifibrinolytic drugs, aminocaproic acid and tranexamic acid, with respect to dental surgery. The literature supports the utilization of antifibrinolytic drugs particularly with regard to hemophilia and other bleeding dyscrasias. Systemic therapy has potential risks, although blood studies allow for the safe utilization of antifibrinolytics. The use of topical antifibrinolytic drugs demonstrates benefit without significant risk.
the most widely used antifibrinolytic drugs. Both act by reversibly blocking the lysine binding sites of plasminogen, thus preventing its activation to plasmin, and therefore stopping the lysis of polymerized fibrin [4] .
Oral and maxillofacial surgeons and periodontists have found ACA and TXA to be useful hemostasis adjuncts in oral and periodontal surgery patients with hemophilia and other bleeding dyscrasias. Various case reports and studies have noted relative success with regard to hemophilia, alcoholic cirrhosis of the liver, hereditary angioedema, Glanzmann's thrombasthenia, Bernard-Soulier syndrome, and Trousseau syndrome [5] [6] [7] [8] [9] [10] .
The terms aminocaproic acid and dentistry (and also tranexamic acid and dentistry) were merged in a PubMed National Library of Medicine search. Ten relevant articles were retrieved, of which there were three studies and seven case reports, one case report reporting two patients. Two of the three studies reported upon hemophilia and one upon the topical application of aminocaproic acid with regard to wound healing.
Both Correa et al. [6] and Sindet-Peterson and Stenbjerg [10] evaluated aminocaproic acid with regard to tooth extraction and other dental surgical therapies in hemophilia patients. Sindet-Peterson and Stenbjerg [10] evaluated three groups of patients (56 subjects) all with congenital deficiencies in factor VIII and factor IX. Patients in the first group received high doses of factor concentrate and systemic TXA. In the second group, the patients received the same therapy as the first group with the addition of topical mouth-rinse TXA. The third group received factor replacement therapy to increase levels to approximately 10 % of the normal value perioperatively, combined with systemic and local (mouth-rinse) TXA. They reported that local antifibrinolytic therapy as a supplement to systemic therapy significantly reduced the incidence of postoperative bleeding. Furthermore, the study results suggested This article is part of the Topical Collection on Oral Medicine * Ronald S. Brown rbrown@howard.edu; brownrs@mail.nih.gov that replacement therapy of deficient clotting factors may be reduced during oral surgery in hemophilia patients with utilization of fibrinolysis inhibitors. Correa et al. [6] evaluated 31 hemophilia patients undergoing tooth extraction procedures using fibrin glue and systemic ACA (200 mg/kg every 8 h). They observed postsurgical bleeding in six of these patients (one severe, three moderate, and two mild). They evaluated the oral health of their subjects and determined that the status of the subject's oral health did not significantly influence the incidence of postsurgical bleeding.
Pathophysiology: Coagulation and Fibrin
The third stage of hemostasis is the coagulation phase which is dependent upon the generation of thrombin and fibrin. Multiple proteins synthesized by the liver are necessary which include fibrinogen, prothrombin, and factors V, VII, IX, X, XI, XII, and XIII. There are three separate pathways involved (1) intrinsic, (2) extrinsic, and (3) an activating common pathway supported by both the intrinsic and extrinsic pathways [11, 12] (see Fig. 1 ).
Intrinsic Pathway
Factor XII initiates the intrinsic pathway and involves an interaction between factor XII and factor XI as factor XII is converted to factor XIIa. Factor XIIa aids in the activation of factor XI to factor XIa. Factor XIa aids in the activation of factor IX to factor IXa. A complex is then formed between factor IXa and factor VIII. This reaction requires Ca++ and phospholipid.
Extrinsic Pathway
The extrinsic pathway involves factor VII and calcium acting upon tissue thromboplastin which then in combination of the end products of the intrinsic pathway (factor IXa, factor VIII, phospholipid, and calcium) activates factor X to factor Xa.
The Common Pathway
Factor Xa (with factor V, phospholipid, and calcium) then allows the conversion of prothrombin to thrombin. Thrombin then allows the conversion of fibrinogen to fibrin and fibrin becomes fibrin polymers which with factor XIIIa allows the conversion of fibrin polymers to insoluble fibrin. Thrombin also aids in the conversion of factor XIII to factor XIIIa which is necessary in the conversion of fibrin polymers to insoluble fibrin [11, 12] .
The Fibrinolytic System
The beginning of fibrinolytic system involves the activation of factor XII to factor XIIa (see Fig. 2 ). Factor XIIa along with high molecular weight kininogen is necessary for the conversion of prekallikrein to kallikrein. Kallikrein (along with plasminogen activator) is necessary for the conversion of plasminogen to plasmin. Plasmin is necessary for the conversion of fibrin to fibrin degradation products [11] [12] [13] [14] . Fibrinolysis may result in hemorrhage due to the enhancement of clot breakdown. A deficiency in plasminogen activator inhibitor has the potential to result in primary fibrinolysis. Factor XIII stabilizes fibrin clots and a deficiency of factor XIII may lead to fibrinolysis and bleeding. Hematologic disorders impairing the fibrinolytic system can also lead to excessive clotting and thrombosis due to retarded clot breakdown. The treatment for primary fibrinolysis is fresh frozen plasma (FFP) and antifibrinolytics such as ACA and TXA. A number of fibrinolytic conditions may present bleeding issues related to complications in oral and periodontal surgery. Of course, other conditions and drugs which may cause primarily coagulation disorders, such as immune thrombocytopenic purpura, aplastic anemia, myelodysplastic disorder, nonsteroidal anti-inflammatory drugs, warfarin sodium, and dabigatran, may present hemostatic control issues for periodontal and oral surgery clinicians due to decreased availability or function of platelets or the decreased ability of vitamin K to function or the inhibition of thrombin. Primary fibrinolysis is a normal bodily process which prevents blood clots that occur naturally from increasing in size and causing blockage. Secondary fibrinolysis refers to the breakdown of clots due to medicine, a medical disorder, or other causes such as bacterial infections, cancer, tissue hypoxia, and intense exercise. Related problematic bleeding disorders and associated deficient factors include hemophilia A (factor VIII), hemophilia B (factor IX), von Willebrand's disease (defect within factor VIII), liver disease (decreased vitamin Kdependent factors II, VII, IX, and X), and Glanzmann's thrombasthenia (congenital platelet disorder). The Trousseau syndrome is a form of disseminated coagulation, venous thrombosis, and hypercoagulability, associated with cancer. The pathological phenomenon of clots forming, resolving, and then appearing again elsewhere in the body has also been named thrombophlebitis migrans or migratory thrombophlebitis, as opposed to plain thrombophlebitis in one location [5, [11] [12] [13] [14] [15] [16] . Acute disseminated intravascular coagulation (DIC) is a very serious condition with a high risk of death. This condition is characterized by systemic intravascular activation of coagulation and the deposition of fibrin. Major activation of coagulation may deplete platelets and coagulation factors, leading to uncontrollable hemorrhage and lethal consequences. Furthermore, it is important for the clinician to properly diagnose secondary fibrinolysis associated with DIC, as this condition could lead to thrombosis, and thrombotic complications as fibrin deposition has the potential to contribute to multiple-organ failure [1, 17] .
Determination of Bleeding Complications
Tests associated with the evaluation of bleeding complications for dental patients undergoing surgery include (1) complete blood count (CBC), which includes the number of platelets, and platelets are necessary for coagulation and too many platelets can be adverse for too much clotting; (2) blood smear which can determine damaged blood cells; (3) bleeding time (BT), a test to assess platelet function, and determine the time to stop bleeding; (4) prothrombin time (PT) which is a measure of the extrinsic pathway and for determining the amount of time for clotting; (5) international normalization ratio (INR) which is also a measure of the extrinsic pathway and for determining the amount of time for clotting; (6) partial prothrombin time (PTT) which is a monitor of both the intrinsic and common pathways and for determining the amount of time for clotting; (7) serum fibrinogen which measures the level of fibrinogen in the serum; (8) fibrin degradation products, a measurement of degradation products in the serum after blood clot dissolution; (9) protamin paracoagulation test, which is positive in DIC and negative in the presence of primary fibrinolysis; and (10) euglobulin clot lysis test, which is abnormal in primary fibrinolysis, but normal in DIC. ACA and TXA should not be used in the presence of DIC without also using heparin due to the possibility of causing thromboemboli [5, [11] [12] [13] [14] [15] [16] .
Yepes et al. [5] , in addressing treatment planning issues for patients with DIC and hypercoagulability syndromes, has suggested the following: (1) hematology consultation, (2) consideration of the risk benefit analysis regarding the proposed dental surgical procedures, (3) consideration for anticoagulation attenuation, (4) consideration for the utilization of local measures for control of hemorrhage, (5) an understanding regarding the potential of postoperative medications to interfere with anticoagulation medications, (6) an understanding of potential problems with utilization of the Trendelenburg or subsupine positions, and (7) consideration for hospitalization.
Wardrop et al. [1] reviewed the literature with regard to the utilization of antifibrinolytics for the prevention of bleeding in patients with hematologic disorders. They reported that the evidence available for the use of antifibrinolytics in hematology patients is very limited. They reported that the only available data suggested that TXA and ACA may be useful adjuncts to platelet transfusions so that platelet use, and the complications associated with their use, can be reduced. However, the study populations were too small to assess whether antifibrinolytics increased the risk of thromboembolic events. Their conclusion was that large, high-quality RCTs are required before antifibrinolytics can be demonstrated to be efficacious and safe in widespread clinical practice.
While the utilization of ACA and TXA is supported within the literature for the control of hemorrhage in dental patients with a number of bleeding dyscrasias (hemophilia A, hemophilia B, von Willebrand's disease (defect within factor VIII), liver disease (decreased vitamin K-dependent factors II, VII, IX, and X), and Glanzmann's thrombasthenia), ACA and TXA therapy should not be utilized when there is evidence of an active intravascular clotting process. These drugs should not be utilized without a definitive diagnosis typically determined by laboratory findings indicating hyperfibrinolysis. It is important to distinguish whether or not the cause of the bleeding is due to primary fibrinolysis or DIC, as hemorrhage secondary to DIC should not be treated with any antifibrinolytic agent (ACA or TXA) unless there is both a bleeding tendency and a systemic fibrinogenolysis utilization. ACA and TXA may increase the risk of DIC. Appropriate blood studies include platelet count, protamin paracoagulation test, and the euglobulin clot lysis test. Platelets are decreased in DIC but n o r m a l i n p r i m a r y f i b r i n o l y s i s . T h e p r o t a m i n e paracoagulation test is positive in DIC and negative for primary fibrinolysis. The euglobulin clot lysis test is abnormal in primary fibrinolysis and normal in DIC [17] [18] [19] (see Table 1 ).
Side effects and overdose of antifibrinolytics are associated with embolytic events. Such adverse reactions include sudden numbness or weakness, particularly of one side of the body; sudden headache; confusion; seizures; problems with vision, speech, and/or balance; pain or swelling in one or both legs; and muscle pain, tenderness, or weakness [20] [21] [22] .
Sindet-Pedersen and Stenbjerg [10] investigated the utilization of local antifibrinolytic treatment with TXA on hemophiliac dental patients. They reported that local TXA therapy significantly reduced the incidence of postoperative bleeding without increasing significant risks. Padovan et al. [7] evaluated wound healing repair after topical ACA application to extraction sites in a warfarin drug animal (rats) study. They reported that through histological analysis, it was possible to observe that tooth socket irrigation with ACA advanced wound healing repair.
In conclusion, antifibrinolytic drugs aminocaproic acid and tranexamic acid may be useful adjunctive pharmacotherapeutics in the treatment of dental patients with a number of bleeding dyscrasias. It is important to utilize proper diagnostic and therapeutic diligence with regard to the systemic administration of aminocaproic acid and tranexamic acid as these systemic pharmacotherapeutics have potential negative consequences.
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